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Iris plants are widely cultivated flowering ornamentals, with a long history of traditional use in Eurasia, where 
this genus is reaching the highest diversity. This paper aims to provide an overview on recent advances related 
to the phytoremediation potential of plants from the genus Iris, in order to promote the use of these species in 
phytoremediation programs. According to the relevant literature, eight species from genus Iris present 
phytoremediation potential (I. dichotoma, I. germanica, I. halophila, I. lactea, I. latifolia, I. pseudacorus, I. sibirica, 
I. wilsonii). The studies addressed potential of plants to mitigate toxic metals/metalloids (As, Cd, Cr, Cu, Fe, Hg, 
Mn, Ni, Pb, Zn), excess of nutrients (P, N), pesticides, petroleum hydrocarbons, pharmaceuticals as well as dyes. 
Most studies focused on wastewater treatment and environments contaminated due to mining activities. Main 
hindrances in upscaling this green technology remain mitigation of toxicity stress in plants during remediation 
and the disposal of resulting contaminated biomass. In this sense, use of beneficial microorganisms to alleviate 
phytotoxicity effects and new valorization possibilities of contaminated Iris spp. biomass have been proposed 
recently. Designing an entire cycle that includes phytoremediation and sustainable value chains for 
contaminated biomass could prove feasible and should receive more attention.   
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INTRODUCTION 
Pollution is one of the greatest environmental concerns worldwide today (Rai et 
al., 2020; Surriya et al., 2015). According to European Environmental Agency, 
management of contaminated land costs about 6.5 billion EUR/year in Europe 
alone (EEA, 2020). Phytoremediation is a process that relies on plants to mitigate 
various pollutants from the environment (Zhang et al., 2020; Tiwari et al., 2019), 
enjoys a better public acceptance than other remediation methods (Suman et al., 
2018) while also involving lower costs (Surriya et al., 2015). Based on the 
underlying process, the phytoremediation technology has been subdivided in the 
following categories: phytoextraction, rhizofiltration, phytostabilisation, 
phytovolatilization, phytodegradation (Ali et al., 2013; Jabeen et al., 2009), (Table 
1). It is well known that not all plants can be used for phytoremediation. Also, 
plants suitable for phytoremediation are not equally efficient at performing all 
these processes (Ansari et al., 2017). Due to this, screening the literature for the 
optimal assortment of plant species based on environmental conditions and 
substrate type, desired effects, depth of contamination as well as pollutants 
targeted for decontamination is always the most important step when planning 
phytoremediation.Through phytoextraction plants take the contaminants 
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Thus, repeated disposal of biomass speeds up the remediation process (Jabeen et al., 2009). Rhizofiltration ensures 
sequestration or precipitation of contaminants at the level of underground plant parts and the species with fibrous 
and higher root surface are most suitable for this process. Phytostabilisation makes use of root sorption and 
chemical fixation processes to prevent vertical migration of the pollutants. This is merely an immobilization of 
pollutants which are not removed.This process can be boosted by ensuring a higher organic content of soil through 
application of amendments (Clemente et al., 2019; Jabeen et al., 2009). Rhizosphere environment through root 
exudates and microbial activity becomes enriched with various organic substances such as organic acids, 
carbohydrates, amino acids, lipids, and various aromatics that contribute to the stabilization of the polluting agents 
(Barbosa and Fernando, 2018). Through phytovolatilization the contaminants are taken up by the plant and then 
converted into gaseous forms that are then released in the ambient air through stems and leaves (Limmer and 
Burken, 2016). As it is the case for Hg and Se, these are released from the plant having lesser toxic forms: gaseous 
elemental mercury and dimethyl selenide (Jabeen et al., 2009). Phytodegradation takes place with the help of 
rhizosphere plant-microorganism associations (Chlebek and Hupert-Kocurek, 2019), as well as through enzymes 
released into the soil by the plants such as dehalogenase, laccase, nitroreductase, peroxidase and nitrilase (Jabeen 
et al., 2009). 












phytoextraction + + S, W Pb, Cd, Ni, Cu, Cr  Suman et al., 2018; Pajević 
et al., 2016; Jabeen et al., 
2009  
rhizofiltration + +/- W Pb, Cd, Ni, Cu, Cr, V 
and radionuclides 
(U, Cs, Sr)  
Tiwari et al., 2019 
Mikheev et al., 2017; Jabeen 
et al., 2009; Dushenkov, 
2003 
phytostabilisation - - S (high 
OM) 
various wastes,  
HM (Pb, Zn, Cu) 
Clemente et al., 2019; 
Barbosa and Fernando, 
2018; Jabeen et al., 2009 




Limmer and Burken, 2016;  
Herath and Vithanage, 
2015; Jabeen et al., 2009 





Kocurek, 2019;  
Jabeen et al., 2009 
† Note: (+) yes, (-) no 
‡ Substrates: S – soil, W – aqueous, OM – organic matter  
 
Although this green phytotechnology is known for over 50 years, phytoremediation has received increased 
attention in the last few years, reflected by the high number of papers published on the topic: more than 10 thousand 
in less than three decades (Zhang et al., 2020). However, the evidence for phytoremediation potential of plants from 
a given genus is scattered and this hinders a comprehensive view on phytoremediation importance at genus level, 
while also making the work difficult for specialists that prepare documentations for phytoremediation programs, 
particularly in choosing the most suitable species. Hence, this paper attempts to provide an outlook on genus Iris by 
gathering findings and reports related to the phytoremediation research conducted for these plants.  
Genus Iris comprises over 200 herbaceous species (Tillie et al., 2000) with bulbs or rhizomes, that are native to 
northern hemisphere and reach high diversity in Eurasia. Irises present adaptation to a wide variety of habitats 
(Maynard, 1997). Iris plants have long been used as ornamental (Crișan et al., 2017), medicinal plants (Crișan and 
Cantor, 2016) or as source of dyes (Crișan et al., 2018) as well as metabolites with applications in cosmetic and food 
industry (Crișan et al., 2019). Given their ecologic versatility, these plants could be suitable candidates for 
phytoremediation across diverse conditions, especially considering the large number of species with various 
adaptations as well as vast number of cultivars grown throughout northern hemisphere, as well as worldwide 
where climatic conditions allows their cultivation. 
Aim of this paper is to provide an overview on recent advances and insights related to the phytoremediation 
potential of plants from the genus Iris, in order to promote and extend the utilization of these species in 
phytoremediation programs.  
The objectives of the review were to identify the species from genus Iris that present phytoremediation potential 
and highlight evidence for the type of pollutants irises might be effective against.  
 
IRIS SPECIES FOR PHYTOREMEDIATION 
Literature screening revealed that Iris spp. phytoremediation capacity was studied during last ten years across 
nine European countries: Czechia, Denmark, France, Ireland, Poland, Portugal, Serbia, Slovakia, and Spain (Table 2). 
But at global level, a substantial contribution to this topic is brought by research from China (Table 3). Because 
irises have been used for many purposes in Eurasia across centuries (Crișan and Cantor, 2016) , it is not surprising 
the fact that some countries actively involved in the research on phytoremediation potential of irises coincide with 
regions with a tradition in using these plants for various other purposes. In this case, the phytoremediation potential 
of these plants is adding one more application to their traditional importance. 
 
Table 2.  Relevant research from past decade in Europe on phytoremediation capacity of Iris spp. 






Effect of Cr stress on AMF inoculated plants I. wilsonii Czechia Hu et al., 2020 
Phytoaccumulation capacity and translocation of 
Zn and Pb from rivers  
I. pseudacorus Poland Małachowska-Jutsz and 
Gumińska, 2018 
Bioaccumulation and translocation of Pb, Cd, Hg, 
As  
I. pseudacorus Serbia Branković et al., 2018 
Treatment of soil contaminated with As, Cd, Cu, 
Fe, Pb and Zn resulting from mining activities  
I. pseudacorus Spain Pérez-Sirvent et al., 
2016 
Bioaccumulation capacity for Zn, Ni, Fe, Mn from 
water and sediments  
I. pseudacorus Poland Parzych et al., 2016 
Bioaccumulation capacity for Fe, Pb, Cd, Cu, Mn, 
Hg, As 
I. pseudacorus Serbia Branković et al., 2015 
Adaptability of plant-endomycorrhiza under heavy 
metal contamination  
I. pseudacorus Poland Wężowicz et al., 2015 
Influence of growth media contamination with Cu 
on root biomass  
I. pseudacorus France Marchand et al., 2014 





Furosemide removal from water  I. pseudacorus Portugal Machado et al., 2020 
Removal of imazalil and tebuconazole from water I. pseudacorus Denmark Lv et al., 2016 
Removal of psychoactive compounds from water I. pseudacorus Slovakia Mackuľak et al., 2015 
Dissipation of polycyclic aromatic hydrocarbons  I. pseudacorus France Leroy et al., 2015 




 Decontamination of industrial effluents with a 
mixture of pollutants  
I. pseudacorus France Guittonny-Philippe et 
al., 2015 
Wastewater treatment (domestic effluent)  I. pseudacorus Ireland O’Luanaigh and Gill, 
2012 
 
 As for phytoremediation in general, a recent comprehensive review indicates that countries most actively 
involved in research on this topic are China, USA, India, Spain, and France but those most engaged in international 
cooperation in this domain are USA, France, Germany, Poland, and Australia (Zhang et al., 2020). It is expected that 
phytoremediation research in a given country overlaps with potential applications in respective geographic region 
and concerns plants that may successfully grow there. The advantage of using plants adapted at growing in the 
target area and having well-established cultivation technology, resides in higher success prospects of the 
phytoremediation initiative. Review of relevant research on phytoremediation potential of Iris spp. conducted in 
Europe during past decade, revealed that I. pseudacorus was by far the most common species used across studies, 
and to a lesser extent I. wilsonii (Table 2). To these species can be added several others that also present 
phytoremediation capacity according to research conducted worldwide, namely I. dichotoma, I. germanica, I. 
halophila, I. lactea, I. latifolia, I. sibirica (Table 3). It is noticeable that among Iris spp. used in these studies are found 
some of the most cultivated irises for ornamental purposes, such as I. pseudacorus, I. germanica, I. sibirica - easily 
recognizable through their distinctive flowers that bloom in spring (Figure 1). 
 Their widespread cultivation increases the relevance of research as it might guarantee successful applicability 
in most countries where these are already presently cultivated. Out of these three, I. pseudacorus naturally occurs 
in Europe and Asia and grows best in waterlogged habitats (White et al., 1997; Robu, 2005; RHS, 2021), making this 
plant a good option both for the phytoremediation of soil, sediments as well as water. This is most likely the reason 
why it is so frequently employed in phytoremediation studies since many of these are testing prototypes for water 
treatment technologies (Table 2). By contrast, I. germanica is native to Mediterranean region and is widespread 
garden plant that prefers a well-drained substrate with a neutral to alkaline pH (White et al., 1997; Robu, 2005; 
RHS, 2021), making this species potentially useful at phytoremediation of soils under such conditions. I. sibirica has 
a wide native distribution range from Northern Italy to Lake Baikal in Russia and has the advantage of growing also 
in acidic soil, but although prefers a moist substrate it does not tolerate a waterlogged environment like I. 
pseudacorus (White et al., 1997; Robu, 2005; RHS, 2021), fact that can limit somewhat the applicability of this 
 
species. Regarding the other Iris species mentioned in some studies, since these are less widespread in cultivation, 
first aspect to consider would be their adaptability to various conditions outside their natural range of distribution, 
as well as availability of sufficient planting material in the case of an actual phytoremediation program. Similarly, 
for the less known irises the prospective phytoremediation use depends on defining their specific requirements and 
cultivation technology, while species with narrower ecologic niche might be considered less viable due to limited 
application perspectives and potential acclimatization obstacles. The great advantage of using ornamentals in 
general and irises in particular for phytoremediation stays in the fact that these can be easily integrated in 
landscaping design schemes in urban and peri-urban environments. 
 
Table 3.  Latest insights into phytoremediation capacity of Iris spp. worldwide 






Effect of Pb on plant physiological parameters  I. germanica China Song et al., 2020 
Potential for Zn and Cd decontamination of soil I. lactea China Hou et al., 2020 
Pb tolerance  I. lactea China Lu et al., 2020  
Influence of Cd and Zn concentration on 
formation of iron plaque and on nutrient uptake  
I. pseudacorus China Ma et al., 2020 
Identification of proteins involved in Cd stress 
response of plants  
I. lactea China Liu et al., 2020 
Ni accumulation in plant organs  I. germanica Pakistan Sajad et al., 2020 
Cd tolerance and accumulation for potential 
treatment of contaminated paddy soils  
I. sibirica China Wang et al., 2018 
Assessing the influence of Pb contaminated 
tailings exudate liquids on plant tolerance index 
and translocation factor  
I. pseudacorus China Yao, 2017 















 Phosphate removal from water  I. latifolia South Korea Shabnam et al., 2019 
Removal efficiency of N from agricultural areas 
to prevent water eutrophication  
I. pseudacorus China Zhang et al., 2019 
Removal of phosphate through a biorefinery 
system 
I. pseudacorus Indonesia Perdana et al., 2019 
Removal of N and P from water I. sibirica  
I. pseudacorus 
China Yang et al., 2018 
Removal of excessive nutrients (N, P) from fresh 
and brackish eutrophic waters 





Treating polluted effluents resulting from 
textile dyeing industry 
I. pseudacorus Indonesia Tangahu et al., 2019 
Effects of silver nanoparticles on removal of 
pollutants and rhizosphere community 
structure  
I. pseudacorus China Huang et al., 2018 
Evaluation of carbamazepine removal in a 
wetland system 
I. sibirica Mexico Tejeda and Zurita, 
2020; Tejeda et al., 
2017 
Treating soil contaminated with petroleum 
hydrocarbons  
I. dichotoma,  
I. lactea 
China Cheng et al., 2017 
Remediation of petroleum contaminated soil  I. pseudacorus China Wang et al., 2016 
 
 
IRIS SP. PLANT PARTS ACCUMULATING POLLUTANTS 
As observed from table 2, over a half of research from last decade that screened phytoremediation potential of 
Iris spp. in Europe focused on heavy metal/metalloids decontamination. However, when looking at the worldwide 
trend from last five years regarding phytoremediation potential of Iris spp., it can be observed that besides the 
studies concerned with heavy metal decontamination there is a growing interest for the potential of Iris plants to 
remove excess of nutrients besides petroleum hydrocarbons, dyes and pesticides (Table 3). Most likely in the 
following years more attention will be given to a larger array of pollutants and potential of these plants to mitigate 
them.  
Accumulation of pollutants in plants depends on the concentration found in the growing environment, nature of 
the pollutant and plant-specific uptake capacity. Research has shown that I. pseudacorus plants accumulated higher 
levels of Zn, Fe and Mn in roots compared to leaves while Ni reached higher levels in leaves compared to roots 
(Parzych et al., 2016). Similarly, Sajad et al. (2020) identified that I. germanica also accumulates higher levels of Ni 
in shoots (249.36 mg/kg) compared to roots (84.00 mg/kg). As for Pb, this element accumulated in higher levels in 
roots (up to 11156.7 mg/kg) compared to shoots (up to 1077.5 mg/kg) of I. lactea (Lu et al., 2020). Similar pattern 
 
was seen also in I. germanica (Song et al., 2020). For I. lactea var. chinensis the Cd concentration was higher in 
aboveground parts than in roots (Hou et al., 2020). This organ-specific accumulation can be attributed to the nature 
of the pollutant and its properties.  
Experimental conditions are a first step in prospecting phytoremediation potential of a given plant species. But 
in order to determine the actual capacity of a plant to decontaminate, their performance has to be assessed in 
conditions that these could be eventually used.  
 
(a) (b) (c) 
Figure 1. Some of the most cultivated Iris species: (a) I. pseudacorus; (b) I. sibirica; (c) I. germanica; 
rhizome and flower of each species (original).  
 
The species I. germanica demonstrated phytoremediation capacity for some heavy metals following plant 
sampling from field as well as under experimental conditions. I. germanica plants collected in field from Lower Dir 
Pakistan demonstrated Ni bioconcentration factor of 9.87 and a translocation factor 2.97 (Sajad et al., 2020). Under 
experimental conditions, Pb level reached as high as 561.28 μg/g in roots of I. germanica under 1000 Pb mg/kg 
contamination. Both bioconcentration factor and translocation factor was higher at lower Pb concentration and 
decreased with the increasing concentration (Song et al., 2020) fact that suggests a reduction in decontamination 
efficiency with increased concentration of heavy metal.  
Besides heavy metals pollution that pose a threat to the environment and human health, excess of nutrients from 
agriculture poses great concern because can lead to eutrophication of water bodies and cascading ecological 
degradation. Thus, identification of methods to mitigate excess of nutrients in environment is just as important. In 
regards with this aspect, a hydroponic experiment demonstrated that from a solution with a concentration of 9.6 
mg/L total nitrogen and 1.0 mg/L total phosphorus, the species I. pseudacorus and I. sibirica both ensured a removal 
rate of over 90% of total nitrogen and over 70% of total phosphorus in about one month (Yang et al., 2018).  
In general, increased concentration of a contaminant usually negatively affects various growth parameters as 
observed for a series of plant species with phytoremediation ability (Capuana, 2020). In I. germanica increased Pb 
concentration was associated with significant decrease of plant height as well as number of leaves per plant besides 
other parameters (Song et al., 2020), proving that biomass is negatively affected by increased concentration of this 
pollutant. Increased concentration of pollutants also decreases efficiency of decontamination, as it was observed for 
I. pseudacorus that although showed high tolerance to total petroleum hydrocarbons the removal rate decreased at 
higher concentrations (Wang et al., 2016).  
In order to alleviate the stress induced to plants by pollutants during phytoremediation and help plants cope 
with phyto-toxicity that negatively affects key physiological functions, association with beneficial rhizosphere 
micro-organisms might be a path worth exploring. Evidence emerged related to potential of arbuscular mycorrhizal 
fungi to successfully colonize roots of Iris spp. in waterlogged conditions and to exercise a protective role for plants 
as health and stability enhancer (Wężowicz et al., 2015; Hu et al., 2020). Such evidence is important considering 
that constructed wetlands are a highly efficient decontamination system and one of the most researched in 
phytoremediation literature (Herath and Vithanage, 2015). Optimization of phytoremediation might be possible 
through synergistic effect of endomycorrhiza-accumulator plant for successful decontamination, but more research 
is required to define the conditions and factors that intervene in the stability of this plant-microorganism 
interaction during remediation.  
 
DECONTAMINATION AND CELL-LEVEL MECHANISMS IN IRIS SP. 
Common contaminants such as heavy metals, can lead to excessive production of reactive oxygen species that 
cause damage at cellular level and impairs cell metabolism (Han et al., 2016). Plants exhibit several mechanisms at 
cellular level that help them cope with heavy metal toxicity. Among these are binding metals to cell walls or to 
different ligands inside cells with the help of metallothioneins, phytochelatins and chaperones (Małachowska Jutsz 
and Gnida, 2015). Metal toxicity in plants can also be counteracted by the antioxidant system as well as 
accumulation of osmolytes that contribute to metal homeostasis. Studies on I. halophila showed that under Pb 
stress, activity of two key enzymes (superoxide dismutase and peroxidase), level of two soluble antioxidants 
(glutathione and ascorbic acid) as well as proline content were modulated in either underground or aerial plant 
parts in a dose-dependent manner, suggesting the importance these play for plant tolerance (Han et al., 2016). A 
proteomic approach enabled the identification of over 100 differentially expressed proteins in both shoots and roots 
of I. lactea under Cd stress (Liu et al., 2020) strongly indicating to a genetic control of plant response to heavy metal 
stress. Molecular manipulations with the goal of obtaining transgenic plants with enhanced phytoremediation 
ability are considered a viable possibility to optimize this green technology (Rai et al., 2020), and it will most likely 
be explored extensively in the future due to practical implications related to increased success rate of the 
phytoremediation process. 
 
USES OF CONTAMINATED IRIS SP. BIOMASS 
Handling and disposal of plant biomass resulting from phytoremediation poses further environmental concerns 
and safe valorization options of these contaminated organic materials are highly sought. The biomass valorization 
depends both on plant species used, type of pollutant and its concentration in plants (Vidican et al., 2020). Recent 
evidence emerged that I. sibirica Cobalt-rich biomass resulting from phytoremediation could be used in the domain 
of adsorption catalysis to remove Hg from coal combustion flue gas with highly promising industrial applications 
(Li et al., 2020; Wang et al., 2020). In this sense, results showed that after pyrolysis at 700°C, I. sibirica biochar 
achieved Hg removal efficiency of 85% (Wang et al., 2020). I. pseudacorus biomass resulting from biorefinery system 
used in removal of excess phosphate from water, could be valorized by obtaining flavonoid extract and compost. 
Results indicate that from 275 kg of I. pseudacorus biomass can result 57.6 kg of flavonoid powder (Perdana et al., 
2019). Also, there might be other possibilities for the waste management of plant material from phytoremediation, 
as already tested for other species. Thus, activated carbon obtained from phytoremediation plant biomass could be 
used in wastewater treatment for efficient removal of dyes (Alshekhli et al., 2020).  
Up-cycling possibilities for the contaminated biomass are relevant because they provide a valorization option 
for a plant material that otherwise represents a polluting waste. Sustainable processing channels for contaminated 
biomass can assist the decontamination process and might even cover some operational costs if proven feasible. 
However, in regards with Iris sp. such research is only at inception but constitutes a viable direction for the future. 
Designing an entire phytoremediation life cycle from phytoextraction to processing of removed biomass and 
secondary utilization options for derived biomass products might build the prototype for a sustainable chain. This 
could finally enable upscaling such a green technology and support the transitioning from experimental conditions 
towards more ambitious and larger scale initiatives. 
 
CONCLUSIONS  
Phytoremediation is a green technology that mitigates contamination from the environment using plants. 
Because Iris species are widely cultivated ornamentals presenting adaptation to a variety of habitats could be easily 
integrated in a phytoremediation landscaping scheme.  
Research has shown that several Iris species have promising results regarding phytoremediation potential (I. 
dichotoma, I. germanica, I. halophila, I. lactea, I. latifolia, I. pseudacorus, I. sibirica, I. wilsonii) against several toxic 
metals/metalloids as well as excess of nutrients from agriculture, pesticides, petroleum hydrocarbons, 
pharmaceuticals as well as dyes. The most researched species to date is I. pseudacorus because it can be used both 
for terrestrial as well as aquatic ecosystems.  
Recent evidence emerged that contaminated Iris spp. biomass resulting from the phytoremediation process 
could find some applications, but upcycling possibilities depend on the contaminant type. The knowledge on this 
aspect is limited and can be considered a hindrance in upscaling this green method. Thus, entire cycle models that 
include phytoremediation-biomass harvest-secondary valorization are the most important areas that should be 
researched in the future in order to make this technology feasible and implementable at larger scale. 
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